Aims. One proposed method to diagnose diabetic foot ulcers (DFUs) for infection is clinical examination. Twelve different signs of infection have been reported. The purpose of this study was to examine diagnostic validity of each individual clinical sign, a combination of signs recommended by the Infectious Disease Society of America (IDSA), and a composite predictor based on all signs of localized wound infection in identifying DFU infection, among a sample of DFUs. Methods. A cross-sectional research design was used. Sixty-four individuals with DFUs were recruited from a Department of Veterans Affairs Medical Center and an academic-affiliated hospital. Each DFU was independently assessed by 2 research team members using the clinical signs and symptoms checklist. Tissue specimens were then obtained via wound biopsy and quantitatively processed. Ulcers with more than 10 6 organisms per gram of tissue were defined as having high microbial load. Individual signs and the IDSA combination were assessed for validity by calculating sensitivity, specificity, and concordance probability. The composite predictor was analyzed using c-index and receiver operating curves. Results. Twenty-five (39%) of the DFUs had high microbial loads. No individual sign was a significant predictor of high microbial load. The IDSA combination was not a significant predictor either. The c-index of the composite predictor was .645 with a 95% confidence interval of .559À.732. Conclusions. Individual signs of infection do not perform well nor does the IDSA combination of signs. However, a composite predictor based on all signs provides a moderate level of discrimination, suggesting clinical use. Larger sample sizes and alternate reference standards are recommended.
D iabetic foot ulcers (DFUs) are a common type of chronic wound. The prevalence of diabetes is 6.3% in the general population and 8.7% among persons aged 20 years and older (Center for Disease Control and Prevention, 2003) . Approximately 15-20% of persons with diabetes will develop a DFU in their lifetime (American Diabetes Association, 1999; Boulton, Meneses, & Ennis, 1999) . Persons with diabetes are at higher risk for developing infections (Reiber et al., 2001) because of the effects of hyperglycemia on leukocyte function (Pecoraro & Chen, 1987) . Outcomes associated with infection-related complications among persons with DFUs are striking. For example, 14-24% of persons with DFUs will have an amputation (American Diabetes Association, 1999) , and complications associated with foot ulcers account for 20-25% of all hospital days for persons with diabetes (Reiber, 1995) . Identification of localized infection in DFUs is essential to prevent complications, such as amputation (American Diabetes Association, 1999) .
Wound infection occurs when the virulence factors of one or more wound organisms overwhelm host resistance resulting in invasion and replication of the organism and local tissue damage (Bowler, Duerden, & Armstrong, 2001 ). An essential element of wound infection is that microorganisms must replicate within the wound tissue, not just on the surface, and produce large enough numbers to cause injury and/or impair healing. Wound bioburden is a term used to describe the level of invasion and replication of organism, and it includes three dimensions. These dimensions include the virulence of organisms present, the diversity of organisms present (i.e., number of different species), and the microbial load (i.e., quantity of organisms per gram of tissue). According to the Wound Healing Society (WHS), microbial load is viewed as the best indicator of wound infection along with the presence of beta-hemolytic streptococcus (Steed et al., 2006) . Microbial load is the number of organisms per gram of wound tissue and is measured using quantitative cultures of wound tissue. Microbial load greater than 10 6 organisms per gram of tissue is an evidence-based criterion to diagnose infection in chronic wounds (Heggers, 1991) .
Another element of wound infection is host response and/or tissue injury. Host response and pathophysiological tissue injury are related in that they present clinical signs and symptoms of infection and infection-related complications. Although inflammatory responses are the first line of defense against microbial invasion and the first indication of infection, many chronic wounds do not express these signs of clinical infection despite high microbial load and/or the presence of pathogenic organisms (Gardner, Frantz, & Doebbeling, 2001) . We found this to be especially true in persons with diabetes (Gardner, Frantz, & Saltzman, 2005) . The manifestation of inflammation may be altered in persons with diabetes because of population-specific factors. Age, hyperglycemia, tissue perfusion and oxygenation, and other aspects of immunocompetence and anti-inflammatory drug use influence inflammatory responses to microbial invasion. Therefore, clinical signs of infection among persons with DFUs may be absent when infection is limited to localized soft tissue and expressed robustly only when the infection has advanced to underlying tissue and/or bone because systemic inflammatory responses are triggered, amplifying local inflammatory responses, and they become clinically apparent. The resulting extensive erythema, elevated body temperature, elevated white count, and elevated blood sugars are more easily recognized than localized infections (Gardner & Frantz, 2008) .
Only one study (Louie, Bartlett, Tally, & Gorbach, 1976) compared the wound bioburden of clinically infected and noninfected DFUs. Unfortunately, this study did not measure wound bioburden using quantitative techniques so that the replication of organisms could be determined, which is a critical component for defining wound infection. Therefore, a critical gap in the knowledge base exists regarding the usefulness of clinical signs to identify the level of wound bioburden in DFUs. To address this limitation in wound healing science, the association between clinical signs of infection and clearly defined, valid measures of wound bioburden in DFUs needs to be studied. Findings would be clinically useful because it would help to determine whether DFUs with signs of infection are the only ulcers with high wound bioburden. If not, all DFUs, regardless of clinical presentation, may need to be cultured to determine wound bioburden.
Clinical Signs of Wound Infection
Twelve clinical signs of localized wound infection have been reported (Cutting & Harding, 1994) . Five of these signs are the classic signs of infection because they are widely known as indications of infection. More specifically, classic signs of infection include signs of inflammation plus purulent exudates. Erythema (a), edema (b), heat (c), and pain (d) are the signs of inflammatory process that are expressed in any type of tissue injury, not just injury associated with infection. Conversely, purulent exudates (e) is expressed only when white blood cells (WBCs) die combating organisms. The other seven signs of infection are known as the signs specific to wound healing by secondary intention, rather than primary intention. These signs include serous exudates (a), delayed healing (b), friable granulation tissue (c), discolored granulation tissue (d), foul odor (e), pocketing of the wound base (f), and wound breakdown (g; Cutting & Harding, 1994) .
In a heterogeneous sample of chronic wounds, none of the classic signs or signs specific to secondary wounds was found to be a useful diagnostic test for infection (Gardner, Frantz, Doebbeling, 2001) . However, only two wounds were DFUs. The diagnostic validity of clinical signs may differ by chronic wound etiology. In addition, combining signs may be more useful in identifying infection than any one sign.
Combinations of Clinical Signs of Infection
The Infectious Disease Society of America (IDSA) guidelines for diagnosis and treatment of diabetic foot infections recommend using only classic signs of infection (Lipsky et al., 2004) . Specifically, the IDSA recommends infection be diagnosed based on purulent exudates or two or more signs of inflammation (i.e., pain, erythema, heat, or edema). Persons with diabetes may have diminished inflammatory responses (Gardner et al., 2005) ; thus, validity of the IDSA combination as a diagnostic criterion is questionable. Furthermore, the IDSA combination has not been empirically examined.
Composite of Clinical Signs of Infection
We found that the seven signs that are specific to secondary wounds (i.e., serous exudate, delayed healing, friable granulation tissue, discolored granulation tissue, foul odor, pocketing of the wound base, and wound breakdown) were better indicators of wound bioburden than classic signs of infection in heterogeneous sample of chronic wounds that included some DFUs . These signs have never been examined in a homogenous sample of DFUs. Furthermore, a composite variable based on both classic and signs specific to secondary wounds may improve diagnostic validity of clinical examination in identifying DFU infection.
The purpose of this study was to examine diagnostic validity of each individual clinical sign, a combination of signs recommended by the IDSA, and a composite predictor based on all signs of localized wound infection in identifying DFU infection, using high microbial load as the reference standard, among a sample of DFUs. The specific aims of the study were to identify:
1. sensitivity, specificity, and concordance probability of each sign as compared to microbial load (reference standard); 2. sensitivity, specificity, and concordance probability of the IDSA combination of signs as compared to microbial load; and 3. discriminatory accuracy of a composite predictor computed from the five classic signs and seven other signs specific to secondary wounds as compared to microbial load.
Methods
The study used a cross-sectional design and was part of a larger study that compared the culture findings of three different techniques to obtain wound swab specimens with culture findings based on wound tissue specimens (Gardner, Frantz, Saltzman, et al., 2006) . DFUs were clinically assessed for signs of infection without the knowledge of microbial load. Specimens of wound tissue were quantitatively processed and each ulcer was categorized by microbial load status. Presence of individual signs of infection, IDSA combination of signs, and a composite predictor computed from all signs of infection were then compared with microbial load status.
Setting and Sample
A Department of Veterans Affairs Medical Center and an academic-affiliated tertiary hospital served as settings for data collection. The Institutional Review Board (IRB) approved research protocols. Participants from the larger study who had DFUs were the sample. A convenience sample was recruited who (a) were ! 18 years of age and (b) had one or more full-thickness, nonarterial DFUs. Participants with the following criteria were excluded: (a) WBC count < 1500 cells/mm 3 , (b) platelet count < 125,000/mm 3 , (c) coagulopathies, or (d) receiving anticoagulation therapy. Patients on antibiotic therapy were not excluded because antibiotics would not invalidate study findings. Even though antibiotics may be expected to reduce the wound bioburden of study ulcers, they do not directly affect clinical signs of infection. Their impact on clinical signs of infection is only through reducing wound bioburden. Partial-thickness DFUs were excluded because acquisition of wound tissue specimens (i.e., wound biopsy) produces full-thickness tissue loss. Arterial DFUs were excluded to control the impact of inadequate perfusion on expression of clinical signs of infection. Exclusion of persons with low WBC counts, low platelet counts, coagulopathies, or anticoagulation therapy reduced risks of introducing infection and for bleeding. All participants gave informed consent prior to study procedures.
Study Variables
Clinical Signs of Wound Infection. Clinical signs of infection, individually or combined, were predictor variables in this study. The clinical signs and symptoms checklist (CSSC) more objectively measures clinical signs of infection in chronic wounds than measures based on observation without the tool ; Figure 1 ). The tool contains an item for each of the five classic signs (i.e., increased pain, erythema, edema, heat, and purulent exudate) and each of the seven signs specific to secondary wounds (i.e., serous exudate, sanguinous drainage, delayed healing, discolored granulation tissue, friable granulation tissue, foul odor, and wound breakdown). A specific item and descriptor operationalizes each sign. The interrater reliability of the items was assessed using simultaneous, but independent assessments from two nurse observers. Kappas ranged from .35 to 1.00 . A Kappa greater than 0.80 is almost a perfect agreement, between 0.60 and 0.80 substantial agreement, between 0.40 and 0.60 moderate agreement, and between 0.20 and 0.40 fair agreement (Landis & Koch, 1977) . The corresponding item on the CSSC represents individual signs of infection. The CSSC
Clinical Signs and Symptoms Checklist (CSSC) √ if present
Increasing pain in the ulcer area: Participant's subjective report of perceived increases in level of periulcer pain since the ulcer developed. Ask the participant to select the most appropriate statement for current level of ulcer pain from the following choices: (1) I am not able to detect pain in ulcer area, (2) I am having less ulcer pain now than I have had in the past, (3) I feel the intensity of ulcer pain has remained the same since the ulcer developed, or (4) I have more ulcer pain now than I have had in the past. Circle the number corresponding to the most appropriate statement. If number 4 is selected, place a check in the box to the right; mark N/A if the participant not able to respond to question.
Erythema: Presence of bright or dark red skin or darkening of normal ethnic skin color immediately adjacent to the ulcer opening.
Edema: Presence of shiny, taut skin or pitting impressions in the skin adjacent to the ulcer but within 4 cm from the ulcer margin. Assess pitting edema by firmly pressing the skin within 4 cm of ulcer margin with a finger, releasing, and waiting 5 s to observe indentation.
Heat: Detectable increase in skin temperature of the skin adjacent to the ulcer but within 4 cm of the ulcer margin as compared to the skin 10 cm proximal to the wound. Assess differences in skin temperature using the back of the examiner's hand or the wrist.
Purulent exudate: Presence of tan, creamy, yellow, or green thick fluid on a dry gauze dressing removed from the ulcer 1 hr after placement. The wound was cleansed prior to placing the gauze dressing in the ulcer.
Serous exudate: Presence of thin, watery fluid on a dry gauze dressing removed from the ulcer 1 hr after placement.
Delayed healing of the ulcer: Participant or caregivers report of no change or an increase in the volume or surface area of the ulcer over the past 4 weeks. Ask the participant or caregiver whether the ulcer has filled with tissue or is smaller around than it was 4 weeks from today. If they report it has not, place check in box to the right.
Discoloration of granulation tissue:
Granulation tissue that is pale, dusky, or dull in color Friable granulation tissue: Bleeding of granulation tissue when gently manipulated with a sterile cotton-tipped applicator.
Pocketing at base of wound: Presence of smooth, nongranulating pockets of ulcer tissue surrounded by beefy red granulation tissue. was also used for the IDSA combination of signs. They included purulent exudate, or two or more of erythema, edema, heat, and increasing pain. The composite predictor sign is a linear combination of all 12 signs on the CSSC. It was statistically calculated.
Microbial Load. Microbial load was the outcome variable in this study and was measured using quantitative cultures of viable wound tissue. Laboratory procedures for culturing tissue followed methods outlined by Krizek and Robson (1975) and are reported in detail elsewhere (Gardner, Frantz, Saltzman, et al., 2006) . Briefly, wound tissue specimens were weighed, homogenized, and serially diluted. Each dilution was plated on aerobic and anaerobic media and incubated for 48 hr. The number of colony-forming units was then counted and multiplied by times the dilution factor to arrive at number of organisms per gram of tissue. Ulcers with high microbial load were defined as ! 1,000,000 organisms per gram of tissue (Heggers, 1991) . Ulcers with low microbial load were defined as < 1,000,000 organisms per gram of tissue.
Secondary Study Variables. Secondary study variables were measured to examine their association with microbial load. These variables included age, sex, race, type of diabetes, systemic antibiotics, red blood cell (RBC) count, WBC count, albumin, hemoglobin A1c (HbA1c), size, depth, and duration of the ulcer, amount of necrotic tissue, wound tissue oxygen (i.e., transcutaneous oxygen measurement), and type of ulcer dressing.
Study Procedures
After enrollment, age, sex, race, type of diabetes, and systemic antibiotic data were collected from medical records and patient/caregiver report. History, type, and location of ulcer were recorded. Blood samples were collected for complete blood count, albumin, and HbA1c.
A transcutaneous oxygen monitor (Novametric Model 840; Novametrix Systems, Wallingford, CT) was used to measure wound tissue oxygen. The monitor noninvasively measures oxygen partial pressure (TcPO 2 ). Following calibration, the heated (i.e., 45 C) TcPO 2 sensor was secured on the dorsum of the foot and equilibrated for 20 min. A bath blanket covered the foot to control influence of ambient air temperature on blood flow. After equilibration, the TcPO 2 levels were recorded at 1-min intervals over 5 min, while the participant maintained a supine position.
Current type of cover dressing and topical treatment was recorded and the dressing removed. The ulcer margin was outlined on transparent film. A Lasico Planimeter/Digitizer (Lasico, Los Angeles, CA) measured surface area by gliding a 24-inch arm over the outline. A cotton-tipped swab placed in the deepest portion measured ulcer depth. The swab was marked at the point level with periwound skin. Distance from mark to swab tip was measured.
The ulcer was then cleansed with nonbacteriostatic saline and rated for amount of necrotic tissue using a Likert-type scale that classified percentage of ulcer bed covered with necrotic tissue (Bates-Jensen, 1997). A digital camera captured an image of the ulcer. The ulcer was dressed with dry gauze to standardize topical wound environment for assessment of wound exudate. It was left in place for 1 hr.
After one hr, the dressing was removed and saved. Nonbacteriostatic saline was used for ulcer cleansing. The CSSC was used to assess clinical signs of infection by 1 member of the research team trained by the principal investigator (PI). Exudate items were assessed using the dry gauze dressing. A second member of the research team independently reassessed the ulcer and dressing using CSSC. Ulcer assessments with CSSC were blind to microbial load status.
After cleansing, a specimen of viable wound tissue was removed from center of the ulcer using a 4-6 mm dermal punch instrument and sterile technique. Laboratory technicians, who processed tissue for culture, were blind to study aims and procedures to minimize observer bias.
Statistical Analyses Descriptive and Comparative Analyses
Chi-square or Fisher's exact tests were used to compare nominal variables of high and low microbial load groups. Nonparametric Wilcoxon's rank sum test was used to compare continuous variables. A two-tailed alpha level of .05 was used for comparative analyses.
Analyses of Individual Signs of Infection (Aim #1)
The diagnostic validity of individual signs for identifying infection was assessed by determining each sign's sensitivity (i.e., TPF: true positive fraction), 1-specificity (i.e., FPF: false positive fraction), and probability of concordance, as defined by the c-index (Harrell, 2001) . The c-index is equivalent to the AUC (area under the receiver operating characteristic curve) and when computed using the trapezoidal method is similar to Wilcoxon's rank sum (Bamber, 1975; Hanley & McNeil, 1982 ). An individual sign of infection would be a useful discriminator of microbial load if the true sensitivity exceeds 1-specificity, or equivalently, the population AUC or c-index exceeds .5. A one-sided exact Wilcoxon's rank sum test and a p value of < .05 was used to determine if the sign provided significant discrimination between low and high microbial load participants (i.e., if the c-index or AUC exceeds .5). A one-sided test is justifiable, because a ''present'' result is indicative of high microbial load and a ''not present'' result indicative of low microbial load.
Analyses of IDSA Combination of Signs (Aim #2)
The diagnostic validity of the IDSA combination of signs for identifying infection was assessed by determining its sensitivity (i.e., TPF), 1-specificity (i.e., FPF), and probability of concordance, as defined by the c-index (Harrell, 2001) . A ''present'' result included participants who had either ''purulent exudate'' or 2 or more of erythema, edema, heat, or increasing pain.
Analyses of the Composite Predictor (Aim #3)
The diagnostic validity of the composite predictor for identifying infection was assessed by determining its probability of concordance, as defined by the c-index (Harrell, 2001) . A composite predictor was computed by regressing microbial load status on presence or absence of 11 signs of infection using the multivariable logistic regression. Friable tissue was excluded because it showed an inverse association from what was expected. The resulting prediction equation, which is a linear combination of the signs, was used as the composite predictor.
The composite predictor c-index is expected to overestimate discrimination ability for an independently selected sample. Bootstrapping was used to estimate positive bias and to compute a corrected c-index (Harrell, 2001) . Jackknifing (Shao & Tu, 1995) was then used to obtain standard error estimates (SE) for the corrected c-index. A 95% confidence interval was calculated as overfitting corrected + 1.96 SE.
Discriminatory accuracy of the composite predictor was estimated using its receiver operating characteristic (ROC) curve, which is a plot of sensitivity versus 1-specificity for each possible threshold. An accurate predictor has an ROC curve closer to the top left corner. A noninformative predictor has an ROC curve that lies along the diagonal, known as the chance line where sensitivity ¼ 1-specificity. For this study, two ROC curves were computed. One curve was the empirical ROC curve based on the full sample; AUC is equal to full sample. The second ROC curve was corrected; AUC equal to overfitting corrected. The latter curve provides a closer approximation of accuracy for an independently selected sample.
Results

Participants and Wound Characteristics
Of 310 patients screened for the larger study, 102 met study criteria, and 83 agreed to participate in the larger study (Gardner, Frantz, Saltzman, et al., 2006) . Of the 83 participants, 64 had nonarterial DFUs and served as the sample for this study. Descriptive statistics of the sample are presented in Table 1 . Similar to the prevalence of diabetes in the general adult population, most participants had type 2 diabetes rather than type 1 diabetes. HbA1c levels were higher than recommended for optimal blood glucose control. Blood values indicative of nutritional status (i.e., albumin and WBC count) were normal. Twenty-five (39%) of the participants had high microbial loads in their DFUs. Along with microbial load, the presence of betahemolytic streptococcus is thought to be an important criterion for diagnosing infection in chronic wounds (Heggers, 1991) . This organism was present in only 1 ulcer, and that ulcer also contained > 1,000,000 organisms per gram of tissue.
Validity of Individual Signs of Infection (Aim #1)
None of the signs was a significant predictor, although increasing pain approached significance (c ¼ .56, p ¼ .055). None of the signs showed discriminatory ability, with sensitivity being only slightly more than 1-specificity for five of the signs, and less than 1-specificity for 7 signs. Thus, many paired points are lower than the chance line in Figure 2 . The sensitivity (TPF), 1-specificity (FPF), and c-index (AUC) of each individual sign are presented in Table 2 along with the p value for testing whether the sign is a useful predictor. Pairs (1-specificity and sensitivity) are plotted in Figure 2 .
Validity of IDSA Combination of Signs (Aim #2)
The IDSA combination performed no better than chance (c ¼ .49, p > .5). Table 2 and Figure 2 show that sensitivity (.52) is less than 1-specificity (.54). The sensitivity, 1-specificity, c-index, and corresponding p value for the IDSA combination of signs are presented in Table 2 .
Validity of the Composite Predictor (Aim #3)
The composite variable had some diagnostic validity in predicting microbial load. The composite predictor had c ¼ .783 for the full sample and from bootstrapping overfitting corrected ¼ .645 (i.e., concordance of the composite predictor is .645 when applied to an independently selected sample). SE ¼ .0438 and a 95% confidence interval of .559À.732. Because of multicollinearity, coefficients in the predictor are not easily interpretable and thus, not reported here. Figure 3 presents the ROC curve composite predictor for the full sample as well as the corrected AUC of .645.
Discussion
None of the individual signs or the IDSA combination had diagnostic validity in predicting microbial load in DFUs. However, a composite predictor based on all signs did demonstrate some diagnostic validity.
To our knowledge, no other studies have examined clinical signs of infection and microbial load in DFUs. Moreover, no other studies have even examined microbial load in DFUs. This may be because of the continuing controversy about the role of microbial load in chronic wound infection and specifically DFU infection. However, the 36% prevalence of high microbial load in this sample of DFUs is comparable to the 31% prevalence of high microbial load in a heterogeneous sample of chronic wounds .
Although not statistically significant, 46% of the low microbial group was on systemic antibiotics at the time of the data collection, as compared to 26% of the high microbial group. This distribution is expected because the goal of antibiotic therapy is to decrease wound bioburden, including microbial load. Because this study examined the relationship between clinical signs of infection and microbial load, it was not necessary to control systemic antibiotic therapy because antibiotic therapy does not affect the expression of clinical signs of infection directly. The duration of the ulcer was substantially higher in the high microbial load group than in the low microbial load group, although not statistically significant. Duration of ulcer may have more impact on the expression of signs specific to secondary wounds than the classic signs of infection. Classic signs of infection include inflammatory signs that are consistent with acute inflammatory processes (Majno & Joris, 1996) . Signs specific to secondary wounds may be more consistent with ongoing, unresolved inflammation. It may be the duration of ulcer may explain differences in the expression of various clinical signs.
None of the individual signs of infection was able to discriminate between DFUs with high and low microbial load. Interestingly, the best performing sign was increasing pain. Although DFUs are associated with loss of vibration and pressure perception, both carried by A-b neurons, neuropathic changes may not affect nocioreceptor neurons, such as c-fiber and A-neurons. Finally, more than half of the signs performed worse than chance. No other studies on clinical signs of infection in DFUs were found for comparison. However, in a study of heterogeneous chronic wounds, increasing pain had similar sensitivity (.36) and 1-specificity values (0.00) as found in this study . Unfortunately, a c-index was not calculated.
The IDSA combination of signs is based on ''classic'' signs of infection. This particular combination of signs of infection performed poorly in identifying DFUs with high microbial load. Although this combination is recommended by the IDSA (Lipsky et al., 2004) , the IDSA acknowledged this recommendation was based on expert opinion, anecdotal evidence, and/or descriptive study alone. Furthermore, strength of the IDSA recommendation not to culture ''clinically uninfected lesions'' was categorized as ''optional.'' Unfortunately, the sample size of this study would not support investigating the veracity of more optimal combinations.
The composite predictor, based on the classic sign and signs specific to secondary wounds, provided a moderate level of discrimination, suggesting that a linear composite may be clinically useful. Unfortunately, the sample size precluded the identification of the coefficients associated with each sign. Therefore, a more definitive method for calculating prediction rules that can be used clinically is not possible without further study with larger sample sizes.
Finally, measures of wound bioburden, including microbial load, remain controversial as criteria for diagnosing infection in DFUs. Although some believe that wound bioburden measures, including microbial load, are not indicative of infection given the variation in wound culturing and processing, most agree that the most reliable and valid wound cultures are those based on wound tissue specimens that are quantitatively processed (Robson, 1999) . Many also believe that this methodology is the only valid measure of infection status available because DFUs may not express classic signs of infection because of dampened inflammatory responses. Guidelines published by the WHS state DFUs with ''suspected'' infection, or those not healing in a 2-week time period, should be cultured to determine microbial load (Steed et al., 2006) . The WHS guideline advises treatment of ulcers with a microbial load greater than 10 6 organisms per gram of tissue or beta-hemolytic strep at any level. This recommendation implies infection be based on wound cultures, not clinical signs of infection.
Although the sample of this study was adequate to address the validity of individual signs of infection and the IDSA combination of signs, studies of DFUs with larger samples are clearly needed to identify more optimal combinations of signs of infection or to delineate a clinical prediction rule. The findings of this study confirm that little evidence exists to inform clinical practice with respect to identifying infection in DFUs. We believe this knowledge gap can only be addressed through further study of relationships between clinical signs of infection, microbial load, and DFU infections using larger samples and alternative reference standards, such as the development of infection-related complications.
